ABSTRACT. Silicon dioxide thin film of different thicknesses has been grown on glass substrate by pulsed laser deposition technique with and without annealing temperature under the vacuum pressure of 8×10 -2 mbar. The optical properties such as the absorption, and transmission spectra have been studied for the prepared SiO 2 thin film before and after annealing temperature. From the transmission spectra, the optical gap and linear refractive index of the SiO 2 thin film was determined. The structure of the SiO 2 thin film was tested with X-Ray diffraction, it was formed to be amorphous structure before annealing temperature. The effects of laser pulse energy on the optical properties has been studied before and after annealing temperature. It is found that almost optical properties depends on the laser pulse energy and increases with increasing laser pulse energy and they are enhanced with the annealing temperature.
INTRODUCTION
Pulsed-laser deposition has been used to deposit an extraordinarily wide range of materials [1] . Historically, the most important application of PLD has been in the field of high temperature superconducting thin films [2] . In addition to superconductor films, PLD of material oxides has also been shown to produce high quality ferroelectric [3, 4] , magnetoresistive materials [5, 6] . In the field of semiconductors, PLD has been used to deposit a wide range of materials, e.g. SiGe- [7] and GaAs-based [8] alloys, II-VI compounds [9] , and Group III-Nitrides [10, 11, 12] . PLD has also been used to deposit some of optical materials, for example: ZnO as a piezo-electric, piezo-optical, transparent conductor [13] ; TiO 2 as antireflection coatings on Silicon [14] ; rare-earth-doped phosphate glasses for optical waveguide applications [15] ; and hafnia, yttria, and zirconia for optical multilayer structures [16] . The final area of significant PLD research is in the field of hard coatings, like boron nitride [11] , carbon nitride [17, 18] , and diamond-like carbon [19] . The energetic nature of the depositing vapour assumed to be responsible for enabling the growth of the hard phases, which are not thermodynamically stable under the growth conditions of conventional techniques [20, 17] . Silicon dioxide films are used in a variety of applications in the electronics and photonics industries, with a corresponding range of desired properties [21] . For electronics applications, the silicon dioxide insulating Iayer is used in silicon-based MOS structures [22] . A second application of silica films is as the basis for optical waveguides in optical integrated circuits. A third application of silicon dioxide films is in the formation of multilayer dielectric stacks for use as wavelength-selective optical filters and mirrors. Silicon dioxide films for optics and photonics applications must be of high purity and have low surface roughness [21] . Fagaraasy et al. produced the best SiO 2 thin-films grown by PLD [23, 24, 25] . The quality of films deposited at low temperatures is expected to be improved by increasing the kinetic energy of the depositing species, thus reducing the need for additional thermal excitation in the growth process [21] . Fogarassy et al. obtained stoichiometric SiO 2 films by ArF-laser ablation of fused silica in a 10 -5 Torr vacuum. However, the films grown to-date by PLD from a fused silica target have been contaminated by significant quantities of 0.1-10 μm particulates [23, 26, 27 ].
EXPERIMENTAL DETAILS
A typical set-up for Pulse Laser Deposition (PLD) is schematically shown in Figure 1 . In this study, SiO 2 was used as targets with diameter of 2 cm and thickness of 1cm was fixed at the top chamber. Glass substrate has been used as substrate material to prepare SiO 2 thin films. The cleaning of the substrates is very important to ensure surface free from contamination particles such as grease, absorber water molecules. The glass substrates has been ultrasonically cleaned in acetone and dried into oven. SiO 2 thin films were produced by Pulse Laser Deposition (PLD). In order to optimize the best location of the substrates on holder, the influence of the substrate to target distance on the structural and optical properties of SiO 2 thin films produced by Pulse Laser Deposition (PLD) in argon atmosphere was studied. The SiO 2 films were grown during 5 min onto glass microscope slides diametrically on the top plate substrate holder, after that they were annealed at temperature of 500 mbar. In this study, a variety of characterization techniques have been used to investigate the structural, optical and electrical properties of the thin films before and after the annealing process. Of special interest was the determination of the structure from X-ray diffraction and the film thicknesses from optical interference fringes. Optical parameters from UV-Visible absorbance spectrum in the spectral range (200 -850) nm. Optical method has been implemented for thickness measurements and in the flowing is explained in details:
The thickness of SiO 2 thin film was measured by using an optical interferometer method employing He-Ne laser 0.632 µm with incident angle 45° as shown schematically in Figure 2 . This method depends on the interference of the laser beam reflected from thin film surface and then substrate, the films thickness t can be calculated using the following formula: 
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X-ray diffraction (XRD) is the most significant techniques for qualitative and quantitative analysis of crystalline compounds and materials. This experimental technique has long been used to determine the overall structure of SiO 2 thin films, including lattice constants, grain size identification of unknown materials, orientation of single crystals, and orientation of polycrystals. In this study thin films have been examined by X-ray diffraction (XRD) technique under the conditions power diffraction system with Cu-Kα X-ray tube (λ = 1.54056 Ǻ) was used. The X-ray scans were performed between 2θ values of the X-ray diffraction (XRD) was recorded at a scanning rate of 0.08333° s -1 with the diffraction angle 2θ, range (20°-60°). Optical measurements on the SiO 2 thin films were performed on a UV mate SP-8001 double beam spectrophotometer covering the wavelengths range (190-1100 nm) supplied by Metertech Corporation (Taipei, Taiwan).
RESULTS AND DISCUSSION
X-ray diffraction investigates the structural type of the SiO 2 thin films prepared by pulse laser deposition. The XRD pattern for films deposited at room temperature before annealing treatment showed that they are amorphous structure takes place. The XRD patterns for this SiO 2 films are presented in figure (3) . .
The optical characteristics which involve the absorption coefficient, the optical energy gap E g , and the optical constants (i.e. refractive index n, extinction coefficient k, real dielectric constant ε r and imaginary dielectric constant ε i ), were studied within the range (200-800) nm for SiO 2 thin deposited by PLD technique. The effect of laser pulse energy on absorbance spectra for SiO 2 thin films before and after annealing are shown in figure (4) and (5) respectively. This spectrum reveals that the maximum absorption peak at (350-360) nm range .It is observed that as the laser pulse energy increases the absorbance increases because of the increment in thickness also, the maximum absorbance can be obtained at laser pulse energy 900mJ because the thickness is maximum at 900mJ. 
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Figure (6) and (7) show the variation of (αhυ) 2 as a function of (hυ) for SiO 2 thin films before and after annealing respectively. It can be observed from this figure that the energy gap after annealing equal from 1.7 to 3 eV and equal from 4 to 4.16 eV depending on the laser pulse energy , as the laser pulse energy increases the energy gap decreases, it is noticed that the annealing temperature effects on the value of direct energy gap because of the crystalline enhancement. 
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Figure (8) and (9) show the optical reflectance spectra of SiO 2 thin films before and after annealing. As shown from figures (8) and (9), as the laser pulse energy increases the reflectance of the film increases because of the increment in the thickness. 
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The annealing process leads to increase in the reflectance because of the improvement in the morphology of the film due to the thermal process.
The optical constants which are include the of refractive index n, extinction coefficient k, the real E r, and imaginary E i parts of dielectric constants were determined from transmission and absorption spectra within the range (200 -800 ) nm for SiO 2 thin films prepared by PLD before and after annealing process. Figure (10) and (11) show the variation of the refractive index as a function of the wavelength for SiO 2 thin films at different laser pulse energy before and after annealing respectively. It indicates that the refractive index almost constant at range (400-600) nm, and increases with increasing laser pulse energy. 
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The annealing treatment causes the refractive to be increased due to the improvement in the morphology of the deposited SiO 2 films.
Figure (12) and (13) show the variation of extinction coefficient as a function of wave length for SiO 2 Thin films under influence of laser pulse energy before and after annealing respectively. It is observed from this figure that the extinction coefficient almost constant at visible range. Also, it is observed from this figure that the extinction coefficient increases with increasing laser pulse energy because it depends on the absorption coefficient. But the less values of extinction coefficient at 300 nm are due to improve of the structure, also it is observed that the annealing temperature effects on the extinction coefficient. Figures (14) , (15), (16) and (17) show the variation of real ( r ∈ ) and imaginary ( i ∈ ) dielectric constants for SiO 2 thin films at different laser pulse energy before and after annealing respectively. One can observed that the variation of ε r is similar trend to that of the refractive index because of the smaller value of k 2 in comparison with n 2 , while the variation of ε i mainly depends on the k value, which are related to the variation of absorption coefficient. ε i represent the absorption of radiation by free carriers. It is observed from the figures that the real and imaginary dielectric constants increase with the increase of laser pulse energy and in case of the annealing process, and this behavior is due to the change of reflectance and absorbance with change of laser pulse energy and annealing temperature.
CONCLUSIONS
In this work we have investigated the optical characteristic of SiO 2 thin films prepared by PLD. The optical absorption measurement shows that the SiO 2 film has a flat surface, laser pulse energy effects on the optical properties of SiO 2 thin films, a direct band gap of SiO 2 is found to be 3 eV at minimum laser pulse energy 500mJ in case of annealing process at 500 o C. The optical constants absorption coefficient, extinction coefficient and optical dielectric constant, of these films were determined using transmittance and refraction spectra and they are increased as the laser pulse energy and annealing temperature increased due to the improvement of the SiO 2 thin films morphology. 
